It is unclear whether the levels of Staphylococcus aureus colonization of hospital personnel with patient exposure are increased or whether personnel become colonized with more antibiotic-resistant strains. Differences in nasal and hand carriage of S. aureus between medical and nonmedical hospital personnel were examined. No differences in nasal carriage between the two groups were found; however, there was a trend that suggested differences in the rates of hand carriage of S. aureus (18% of nonmedical personnel and 10% of medical personnel). Medical personnel were colonized with more antibiotic-resistant isolates than nonmedical personnel (mean, 2.8 versus 2.1 isolates [P < 0.03]), and the strain profiles indicated that they tended to be more clonal in origin, suggesting that exposure to hospital isolates alters the colonization profile.
Staphylococcus aureus remains among the most important nosocomial pathogens because of both the diversity and the severity of the infections caused by these organisms (3, 11) . Several studies have documented that these infections are most commonly caused by the patient's own commensal flora (9, 18, 20) . The original reservoir(s) from which patients acquire these isolates remains unclear. While some infected patients are colonized with S. aureus at the time of hospitalization, others likely become colonized, often with more highly antibiotic-resistant isolates, during their hospital stays (3, 5, 7) . Hospital personnel are among those implicated as possible sources of these potentially more antibiotic-resistant pathogens. Transmission of these strains to patients is then likely to occur during routine patient care. Despite the possible importance of this sequence of events, the questions of whether health care workers are more likely to be colonized with S. aureus and if these strains reflect those found in the hospital setting have received limited attention.
In the present investigation, S. aureus colonization rates among hospital personnel were compared to address three questions. (i) Are medical personnel (MP) with regular exposure to patients more likely to be colonized than nonmedical personnel (NMP)? (ii) Are MP at greater risk than NMP of becoming colonized with more antibiotic-resistant isolates? (iii) Do the staphylococcal isolates collected from MP tend to be more clonal than those collected from NMP?
Two hundred eighty employees of Montefiore Medical Center were screened for hand and nasal colonization with S. aureus between July 1999 and July 2000. Specimens for culture were collected at two sites: general medicine wards and an administrative site separate from the hospital. Only employees with direct patient contact were included in the MP group. Employees also completed a questionnaire concerning occupation, medical history, hand-washing behavior, and demographic information. The study was reviewed and approved by the Montefiore Medical Center Institutional Review Board.
Specimens for culture were collected from the anterior nares with cotton swabs (Becton Dickinson Culturette Systems, Sparks, Md.). The nasal swabs were cultured on mannitol salt agar. After a 48-h incubation at 37°C, positive colonies from each sample were isolated on 5% sheep blood agar plates (Becton Dickinson) and one to three colonies were selected for further analysis. Specimens were collected from the hands by having the subjects touch 150-mm-diameter mannitol salt agar plates (Becton Dickinson) with the palm and fingertips of the dominant hand. S. aureus species identification was confirmed by a coagulase production test and with a protein A detection kit (StaphAurex, Danford, United Kingdom).
Testing for susceptibility to antibiotics (amikacin, ampicillin, cephalothin, clindamycin, erythromycin, gentamicin, levofloxacin, oxacillin, penicillin, rifampin, trimethoprim-sulfamethoxazole, and vancomycin) was performed by the Kirby-Bauer disk diffusion method (12) .
All isolates were typed by pulsed-field gel electrophoresis (PFGE). An aliquot of an overnight culture (0.5 ml) was centrifuged, the supernatant was decanted, and the remaining pellet was washed and resuspended in 10 mM Tris-1.0 M NaCl to a concentration of 2.5 ϫ 10 8 cells/ml and processed as described previously (17) . DNA samples were digested with SmaI (500 U/ml; Invitrogen Life Technologies) for 3 h at 25°C. Samples were run on a CHEF-DR III system (Bio-Rad) by using 1.0% agarose gels in TBE (50 mM Tris, 50 mM boric acid, 1 mM EDTA). The settings for PFGE were as follows: initial switch time, 1.0 s; final switch time, 30.0 s; included angle, 120°; current, 6.0V; and run time, 23 h. The buffer temperature was maintained at 14°C. PFGE images were captured, archived, and analyzed with Diversity Database (version 1.0) software coupled with the GelDoc 1000 system (Bio-Rad). A tolerance of 1.0% was used in the comparison of bands from different strains (13) . Dendrograms were constructed by the Dice coefficient (DC) method for calculation of relatedness and the unweighted pair group method of arithmetic averages for positioning. Two strains for which the DC was Ն70 were considered related. Strains for which the DC was Ն80 were considered subtypes of the same clone (6, 8) . Degrees of relatedness were confirmed by cross-referencing of samples in the similarity matrix generated by the same Diversity Database population search that generated the dendrogram. Strains BK640, BK641, BK643, BK648, and BK700 (kindly provided by B. Kreiswirth, Public Health Research Institute, New York, N.Y.) were compared with the strains collected in this study.
Univariate relationships comparing data from the questionnaire and biological data for MP and NMP were examined by the use of chi-square statistics for categorical dependent variables. t tests were used to examine differences between the means of continuous dependent variables. Although some demographic differences were identified between the MP and the NMP groups, no demographic variables were associated with S. aureus colonization. Therefore, only the results of univariate analyses are presented. Two-tailed P values Ͻ0.05 were considered significant. P values obtained by Fisher's exact test are reported when cells had expected counts less than five. SAS (version 8.0) was used for data management and statistical analyses.
Two hundred eighty hospital employees (193 MP and 87 NMP) were enrolled in the study. The demographic and medical profiles of the study participants are summarized in Table  1 . The nasal colonization rates for MP and NMP were virtually identical. MP were somewhat less likely than NMP to have positive hand cultures (P ϭ 0.08). This decreased rate of carriage appeared to be related to a decreased interval since the time of the last hand washing for MP compared with that for NMP (P ϭ 0.07). Among MP, 25.0% (9 of 36) of nasal carriers also had positive hand cultures, whereas among NMP, 50.0% (8 of 16) of nasal carriers had positive hand cultures. Seven of the paired isolates from MP were the same, and one pair was closely related, as determined by PFGE. Six of the pairs of isolates concurrently recovered from NMP were the same, and one pair was closely related.
Twenty percent (7 of 35) of nasal isolates and one hand isolate from MP were methicillin resistant ( Table 2) . Two of 17 (12.5%) nasal isolates from NMP were methicillin-resistant S. aureus (MRSA) (one NMP was colonized with two distinct isolates), but no isolates from the hands of NMP were MRSA. In addition, 14.3% (5 of 35) of the nasal isolates from MP were resistant to trimethoprim-sulfamethoxazole, while no isolates from NMP were resistant to trimethoprim-sulfamethoxazole. Trimethoprim-sulfamethoxazole resistance was not limited to the MRSA isolates. Isolates from MP were resistant to signif- a A total of 280 subjects were screened. b Data for three subjects (one control and two exposed subjects) were missing. c Data for 37 subjects (8 controls and 29 exposed subjects) were missing. d Fourteen subjects (4 controls and 10 exposed subjects) refused to be tested. e Twenty-one subjects (4 controls and 17 exposed subjects) refused to be tested.
icantly more antibiotics than those from NMP (2.8 versus 2.1 isolates [P Ͻ 0.03]). Dendrograms were generated from the PFGE profiles of the nasal isolates from MP and were compared with those generated from the PFGE profiles of the nasal isolates from NMP (Fig. 1) . The isolates from MP and NMP did not segregate into separate populations (data not shown). Samples obtained from MP (22 of 35; 62.8%) had isolates that were more related (Ͼ70% similarity) than the isolates in samples obtained from NMP (5 of 17; 29.4%) (P Ͻ 0.05). This observation was true even with removal of the MRSA isolates from the analysis, although these clusters generally included isolates from no more than two subjects.
Among the MRSA isolates detected, two groups of two isolates were greater than 80% related. These four MRSA isolates were also compared with the five MRSA clones (strains BK640, BK641, BK643, BK648, and BK700) that are prevalent in New York City. Strain BK640 was closely related to three of the study strains, and BK641 and BK700 were closely related to one isolate each (16) . In this study, MP appeared to be at no greater risk of colonization with S. aureus than NMP. This finding is consistent with those from earlier studies that reported little difference between the colonization rates of hospitalized patients and the general population (9) . Aries De Sousa et al. (2) found similar colonization rates among hospital personnel and patients in two Cape Verde hospitals, where infection control procedures are more limited than they are in the United States.
Hospital personnel had a higher incidence of colonization with strains of MRSA, and in general, their isolates were more resistant to antibiotics than those collected from NMP. Isolates from MP also demonstrated greater clonality than those from NMP. The latter observation may reflect the limited diversity of MRSA (10) . These findings show that while the colonization rates did not differ between the two groups, there were differences in the profiles of the strains from the two groups. This may reflect the different reservoirs of strains to which the two groups are exposed. Opal et al. (14) found that health care workers exposed to an environment with a high rate of endemic MRSA infection had a high incidence of either hand or nasal colonization with MRSA. The combination of an unchanged colonization rate coupled with higher levels of antibiotic resistance among the isolates from MP suggests that The right-hand sides of panels A and B illustrate the PFGE patterns for the individual isolates. The isolates were compared by use of the DC. Strains that were Ն70% similar were classified as related. One isolate from a member of the MP was unavailable for PFGE. Two isolates were from a single subject who was a member of the NMP. Note that the scales of the two panels differ. those subjects predisposed to nasal colonization, perhaps resulting from a genetic predisposition, are at greater risk of becoming colonized with hospital isolates (4, 15) . The trend toward the reduced levels of colonization of the hands with S. aureus among MP compared with that among the NMP correlated with how recently the hands had been washed. In addition to the demonstrated efficacy of hand washing, these data once again demonstrate that transient hand carriage of S. aureus occurs and may potentially serve as a means of S. aureus transmission to hospitalized patients. Although a recent study by von Eiff et al. (18) demonstrated that patients become infected with endogenous strains, the original source of these strains remained unclear (19, 20) . In a different setting, Ahmed et al. (1) found that nasal carriage of S. aureus was not a risk factor for surgical wound infections in a Sudanese hospital. The ultimate reservoir for S. aureus isolates in the hospital setting remains an issue of considerable importance if more effective infection control interventions are to be developed.
When the PFGE profiles of the isolates were compared, the majority of isolates from subjects positive for both hand and nasal isolates had identical profiles, with few persons harboring more than one strain. Of interest, there was a greater likelihood for strains from MP to cluster than for strains from NMP to cluster, and this pattern persisted even when the MRSA isolates were removed from the analysis.
This study therefore suggests that the S. aureus colonization rates of MP are unaffected by patient exposure since MP are no more likely to be colonized than NMP. However, an important finding is that the strain profiles, most notably, the antibiotic susceptibility profiles, between strains from MP and NMP are different. If MP are identified as vectors of transmission, their isolates are likely to reflect the antibiotic susceptibility profile prevalent in the hospital setting. An interesting speculation is whether genetic or environmental factors are responsible for this observation.
